Traditional rangeland management practices have focused principally on increasing homogeneity of use in pastures through manipulating the distribution of livestock grazing in space and time, and manipulating the stocking rate. Short-duration rotational grazing systems have been implemented on rangelands primarily to achieve greater homogeneity of use (Savory 1988) . The intent of these grazing systems is to reduce species-selective grazing (i.e., patch grazing), which occurs at landscape scales as a consequence of continuous grazing under low to moderate stocking rates. Short-duration rotational grazing involves the movement of livestock through a series of small paddocks, thereby imposing short periods of concentrated grazing activity and longer periods of recovery. This grazing system provides greater managerial control over the frequency (number of events) and uniformity (percentage of plants), but not intensity (grazed height), of defoliation through manipulation of the grazing period (Gillen et al. 1990 , Heitschmidt et al. 1990a , Derner et al. 1994 . From the animal perspective, Hart et al. (1993a) concluded that "rotational grazing systems are unlikely to benefit animal performance unless they reduce pasture size and distance-to-water below previous levels, decrease travel distance and increase uniformity of grazing." Short-duration rotational grazing has been the focus of many grazing studies in the Texas Rolling Plains (Wood and Blackburn 1984 , Heitschmidt et al. 1987a , 1987b , 1990a , 1990b , Teague and Dowhower 2003 , the tall-grass prairie in Oklahoma (Brummer et al. 1988 , Gillen et al. 1990 , Derner et al. 1994 , Cassels et al. 1995 , McCollum et al. 1999 , the northern mixed-grass prairie (Hart et al. 1988 , 1993a , 1993b , Kirby and Webb 1986 , Hepworth et al. 1991 , Biondini and Manske 1996 , Manley et al. 1997 , the fescue grasslands in Canada (Dormaar et al. 1989) , and the veld of South Africa , Gammon and Roberts 1978a , 1978b , 1978c , 1980 . How this grazing system affects animal and vegetation responses in short-grass steppe, however, has been little studied (Pitts and Bryant 1987, White et al. 1991) . In addition, these previous investigations ABSTRACT.-There is a paucity of information concerning livestock and vegetation responses to rotational grazing in short-grass steppe. We compared effects between 1995 and 2003 of time-controlled, short-duration rotational grazing against season-long continuous grazing, at a moderate stocking rate (1.95 ha ⋅ animal unit month -1 ), on livestock gains and on foliar and basal cover in short-grass steppe. Livestock average daily gains, grazing-season gains, and beef production did not differ between grazing systems. We observed no relationship between precipitation (annual or growing-season) and average daily gain. In contrast, both grazing-season gains and beef production exhibited a significant curvilinear response to both growing-season and annual precipitation. Basal and foliar cover of all plant functional groups (C 3 annual grasses, C 3 perennial grasses and grass-likes, C 4 perennial grasses, cactus, annual forbs, perennial forbs, and shrubs/subshrubs) did not differ between grazing systems. Litter and bare ground were also unaffected by grazing system, with litter increasing and bare ground decreasing over the duration of this experiment. Land managers in shortgrass steppe who are implementing rotational grazing at moderate stocking rates should not expect increased livestock gains or changes in basal and foliar cover of the plant community. Rotational grazing may be a useful management tool for achieving conservation goals through modifications of seasonality and intensity of use in paddocks within larger management units to accommodate spatial variability in vegetation and temporal variation in precipitation. in short-grass steppe compared short-duration rotational grazing at higher stocking rates to season-long continuous grazing at a moderate stocking rate. Because stocking rate has greater effects on animal and vegetation responses than grazing systems (Van Poollen and Lacey 1979 , Derner et al. 1994 , Manley et al. 1997 , Gillen et al. 1998 , McCollum et al. 1999 , comparisons between grazing systems with different stocking rates are likely confounded. Due to the paucity of studies investigating grazing systems at similar stocking rates in short-grass steppe, land managers have had to make decisions based on scientific results from more productive rangeland ecosystems or based on inferences drawn from experiences or demonstration projects. Therefore, there is a clear need for an increased understanding of how animals and vegetation respond to short-duration rotational and season-long continuous grazing at similar stocking rates in this rangeland ecosystem.
Amount and seasonal distribution of precipitation markedly influence forage production in rangeland ecosystems, and regression relationships have been developed using precipitation to predict forage production (e.g., Milchunas et al. 1994 , O'Connor et al. 2001 , Khumalo and Holechek 2005 . Forage production feeds back to impact livestock gains through forage availability to grazing animals. Therefore, precipitation is a driver of livestock gains, and its influence is likely magnified during drought conditions when forage availability is low. Largely unclear, however, is how grazing system may mediate the influence of precipitation on livestock gains. Experimental studies conducted over several years having contrasting precipitation can address the effect of grazing system.
Our objective in this 9-year investigation was to compare effects of time-controlled, short-duration rotational grazing against season-long continuous grazing (both at the same moderate stocking rate) on animal gains, foliar cover, and basal cover in short-grass steppe. We evaluated vegetation responses at 2 different topographical positions because lowlands are thought to receive disproportionately greater use relative to uplands, because lowlands exhibit higher productivity combined with a smaller proportion of land area within landscapes. We chose to investigate the effects of grazing system at the moderate stocking rate because this stocking rate has previously been both profitable and sustainable in shortgrass steppe (Hart and Ashby 1998) . Based on previous investigations that compared shortduration rotational grazing and season-long continuous grazing at the same stocking rates as in other rangeland ecosystems (e.g., Derner et al. 1994 , Gillen et al. 1998 , McCollum et al. 1999 , we hypothesized that the short-duration rotational grazing system would not significantly influence animal or vegetation responses compared to traditional season-long continuous grazing. (Table 1) .
METHODS
The season-long continuously grazed unit consisted of a single pasture of 259 ha. The short-duration rotational grazing unit consisted of 7 paddocks (each 65 ha) combined to total 455 ha. All pastures had been grazed at a moderate stocking rate under season-long continuous (mid-May to mid-October) grazing prior to initiation of this investigation. Hereford and crossbred yearling steers, with initial weights of 259 ± 12 kg ⋅ steer -1 across the study years, were stocked at a moderate stocking rate (1.95 ha ⋅ animal unit month -1 ) on both units to remove approximately 40% of the current year's herbage production during the 5-month grazing season each year from 1995 to 2003. This stocking rate resulted in stocking densities of 0.1 animal unit ⋅ ha -1 .
Grazing began in mid-May each year and continued until mid-October, except when drought conditions dictated earlier removal in 2000 (12 September) and 2002 (9 August). Yearling steers were weighed at the beginning and end of each grazing season. The grazing period in each rotational paddock was 6-7 days, resulting in 3 full cycles through the paddocks during each grazing season. Grazing began in a different paddock each year.
In 1995 and 2003, measurements of foliar and basal cover were made on four 50-m permanent transects in the pasture of the seasonlong continuous grazing unit, and on two 50-m permanent transects in each of 2 randomly chosen pastures of the short-duration rotational grazing unit. Half of the transects were randomly located on level upland topographic positions consisting of soils of the Vona series (coarse-loamy, mixed, superactive, mesic Aridic Haplustalfs) with Bouteloua gracilis (H.B.K.) Lag ex Steud. as the dominant species. The other half were randomly located on a levelfoot slope topographic position consisting of soils of the Avar series (fine-loamy, mixed, mesic Ustic Natrargids) with dominant species including Sporobolus airoides (Torr.) Torr and Distichlis spicata (L.) Greene. Basal and foliar cover were estimated in mid-August with a 10-point frame, placed perpendicular at each meter along the permanent transect, resulting in 500 measurements per transect for the following functional groups: C 4 perennial grasses, C 3 perennial grasses and grass-likes, C 3 annual grasses, perennial forbs, annual forbs, cactus, shrubs (including subshrubs), and litter and bare ground. Species encountered within functional groups are listed in the Appendix. Cover data for each transect were expressed as a percentage of the 500 measurements for each functional group.
There was only a single replication of the season-long continuous grazing pasture. Consequently, inferences about our findings are limited to our experimental location and treatments. The potential statistical consequences and limitations of pseudoreplication have been discussed by Hurlbert 1984 and Heffner et al. 1996 . However, the length of this study (9 years) does provide replication in time, and the differences in annual (2.3-fold) and growing-season (2.5-fold) precipitation across the study period provide insights into the role of environmental variation in response to grazing systems. Further experimentation is required to determine the applicability of results to a wider geographic area. Animal gain data were analyzed using analysis of variance (ANOVA) with year, precipitation (annual and growingseason), and grazing system as treatments. Individual animals were considered experimental units. Because basal and foliar cover data were taken on the same transects in 1995 and again in 2003, we analyzed this data using 2-factor repeated measures ANOVA with grazing system and topography as main treatment factors, along with their interaction. We were primarily interested in the significance of the time × grazing system interaction factor. A significant interaction would indicate that the difference in cover between the 2 sample years could be attributed to the grazing system. Transects were considered experimental units. An α-level of 0.10 was used in all comparisons to determine significance.
RESULTS

Animal Responses
Animal gains, expressed as grazing-season gain (kg ⋅ hd -1 ) or beef production (kg ⋅ ha -1 ), differed among the 9 years (P < 0.0001), and
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ROTATIONAL GRAZING IN SHORT-GRASS STEPPE 361 between growing seasons (P < 0.0001) and annual precipitation (P < 0.0001), but did not differ between grazing systems across years (Table 1) . Average daily gain (kg ⋅ hd -1 day -1 ) differed among the 9 years (P < 0.0001), but not for growing-season or annual precipitation, nor grazing system (Table 1) . Regression analyses were used to determine the relationship (linear, quadratic, power, or hyperbolic) between precipitation and animal gains. The model with the greatest r 2 value was used as the best fit (Derner et al. 2004 ). We observed no relationship between precipitation and average daily gain (Fig. 1) , likely because animals were removed from study pastures in the drought years of 2000 and 2002 before animal performance was negatively impacted. In contrast, grazing-season gains were influenced by both growing-season and annual precipitation: gains were lower with less precipitation (Fig.  2) . Here, the differences in length of grazing season drive this relationship, with shorter grazing seasons due to drought (2000 and 2002) having much lower grazing-season gains. Beef production or gain per unit land area (kg ⋅ ha -1 ) did exhibit a significant curvilinear response to both growing-season and annual precipitation (Fig. 3) . These regression equations indicate that beef production would be optimized when annual precipitation is 491 mm (24.8 kg ⋅ ha -1 ) and growing-season precipitation is 368 mm (25.1 kg ⋅ ha -1 ). For comparative purposes, the predicted beef production would be 20.3 kg ⋅ ha -1 for the long-term annual precipitation mean of 341 mm, and 20.0 kg ⋅ ha -1 for the growing-season precipitation mean of 243 mm.
Vegetation Responses
Basal cover of all plant functional groups was similar between grazing systems across topographical positions, which did not differ (Table 2 ). In addition, bare ground and litter also did not differ between grazing systems. Annual forbs, bare ground, cactus, and litter did exhibit temporal differences: annual forbs (99%), bare ground (61%) and cactus (55%) decreased between 1995 and 2003, while litter increased by 28%. Foliar cover of all plant functional groups also did not differ between grazing systems across upland and lowland topographical positions (Table 2) 
DISCUSSION
Animal Responses
The lack of differences in average daily gain and grazing-season gain of the yearling steers, and in beef production between the season-long continuous and short-duration rotational grazing systems is in agreement with most previous studies. For example, average daily gain of steers in northern mixed-grass prairie was not affected by grazing system (Biondini and Manske 1996) ; rather, stocking rate was the primary factor influencing gain (Hart et al. 1988 , Manley et al. 1997 . Similarly, Heitschmidt et al. (1990b) determined that stocking rate, rather than grazing system, was the primary factor affecting livestock production and economic returns on rangelands in the Texas Rolling Plains. Average daily gain of steers on poor-condition short-grass steppe decreased by 40% when the short-duration rotational grazing system employed a doubled stocking rate compared to the season-long continuous grazing system (Pitts and Bryant 1987) . However, average daily gain did not differ between season-long continuous and short-duration rotational grazing when the rotational grazing system was stocked at 1.5 times that under continuous grazing (Pitts and Bryant 1987) . In contrast, short-duration rotational grazing in high-seral-condition tallgrass prairie of Oklahoma reduced gain per steer by 11% under a moderate stocking rate and by 20% under a heavy stocking rate (McCollum et al. 1999 ). This reduction in individual animal performance with short-duration rotational grazing resulted in lower gains per hectare for rotational compared to season-long continuous grazing for all stocking rates. These authors attributed the reduced performance to decreased forage intake (McCollum et al. 1999 ). This idea is supported by Kirby and Webb (1986) , who determined that diet composition under short-duration rotational and seasonlong continuous grazing did not differ. Though we did not directly measure diet composition or forage intake, the lack of difference in animal performance between grazing systems leads us to infer that diet composition and forage intake of yearling steers did not differ. Both growing-season precipitation and annual precipitation influenced grazing-season gains and beef production, but not average daily gain. Gains did not increase linearly with increasing precipitation, however. Rather, the relationship was curvilinear, suggesting that above-average precipitation does not translate into greater animal gains in this rangeland ecosystem. Because livestock were removed early in the grazing season in 2000 and 2002, the negative effects of this limited precipitation on average daily gains were not manifest. The negative effects were, however, evident for grazing-season gain and beef production because of the shortened grazing season.
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ROTATIONAL GRAZING IN SHORT-GRASS STEPPE 363 Fig. 2 . Relationships between grazing-season gain and growing-season precipitation (upper panel) and annual precipitation (lower panel) for season-long continuous and short-duration rotational grazing systems in short-grass steppe at Central Plains Experimental Range, near Nunn, Colorado (1995 -2003 . Fig. 3 . Relationships between beef production and growing-season precipitation (upper panel) and annual precipitation (lower panel) for season-long continuous and short-duration rotational grazing systems in short-grass steppe at Central Plains Experimental Range, near Nunn, Colorado (1995 -2003 .
Vegetation Responses
In agreement with our findings, previous studies from different rangeland ecosystems have largely found no changes in basal and foliar cover attributable to grazing system (e.g., Heitschmidt et al. 1987a , Hart et al. 1988 , Biondini and Manske 1996 , Gillen et al. 1998 ). However, vegetative basal cover was higher (12.4% vs. 11.6%) after 5 years with short-duration rotational grazing in a poor-condition short-grass steppe plant community (White et al. 1991) . Previous research has shown that C 4 perennial grasses increase in abundance relative to C 3 perennial grasses with increasing stocking rate over long time periods (>50 years) in short-grass steppe (Hart and Ashby 1998 , Milchunas et al. 1989 , 1990 . This pattern of species replacement is apparently initiated by selective grazing on C 3 relative to C 4 species (Hart 2001) , and may be a function of the photosynthetic pathway (Caswell et al. 1973 ) and the greater herbivory resistance of C 4 perennial grasses, especially B. gracilis. Because the same stocking rate was used for the season-long continuous and the short-duration rotational grazing systems, it is not unexpected that vegetation responses were similar between grazing systems. Differences did occur with respect to bare ground and litter over the duration of the experiment, but not between grazing systems, in response to above-average precipitation in the beginning years (1995) (1996) (1997) (1998) (1999) and to conservative grazing management approaches taken during 2000 and 2002 when grazing animals were removed prior to the end of the scheduled grazing season. As a result, litter accumulated on these study pastures and, concurrently, bare ground decreased. We speculate that maintaining grazing animals on these pastures for the entire scheduled grazing seasons in 2000 and 2002 would have negated these findings because of the greater removal of vegetation by livestock and by increased hoof action.
Conclusions
Land managers in short-grass steppe who implement rotational grazing at moderate stocking rates should not expect increased livestock gains or changes in basal and foliar cover of the plant community. Livestock gains in shortgrass steppe are primarily determined by stocking rate (Bement 1969) , and vegetation responses are largely constrained by selection pressures of the evolutionary history of grazing and moisture, which are central to the generalized grazing model (Milchunas et al. 1988 ecosystem may have more utility for modifying heterogeneity of vegetation than for modifying cover or livestock production, by increasing flexibility in managing grazing pressures in paddocks within larger pastures through changes in the order of pasture use and the length of grazing periods to accommodate spatial variability in vegetation and temporal variation in precipitation. Rotational grazing could be used to help achieve conservation goals desired by society, namely, to produce goods and services through modifications of seasonality and intensity of use in paddocks within the larger management units to create heterogeneity of vegetation at much larger scales. This approach, as opposed to the traditional use of rotational grazing to promote homogeneity of use, is more consistent with historical land-use patterns that promoted biological diversity and wildlife habitat on rangelands (Fuhlendorf and Engle 2001, 2004) .
ACKNOWLEDGMENTS
Mary Ashby, Jeff Thomas, Stanley Clapp, Tammy Kanode, Troy Smith, and numerous student workers collected vegetation and animal data at the Central Plains Experimental Range. Crow Valley Livestock Cooperative, Inc., provided the steers. We appreciate the insightful review comments from Robert Gillen and Patrick Reece on an earlier draft of the manuscript.
LITERATURE CITED
